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ABSTRACT 



. 428/345 



A structural component is disclosed which includes first and 
second extrusions each consisting of a plurality of strength- 
ening fibers. A third extrusion comprises a thermoplastic 
matrix that encapsulates the first and second extrusions. The 
three extrusions together define a non-planar cross sectional 
configuration of substantially transverse dimensions suffi- 
cient to provide component strength and stiffness. Also 
disclosed is an elongated structural component formed by 
extrusion consisting of a first extruded portion of a plurality 
of segments of strengthening fibers joined in a thermoplastic 
matrix and a second extruded portion comprising a thermo- 
plastic matrix compatible with the first extruded portion. The 
first and second extruded portions together define a prede- 
termined non-planar cross sectional configuration of sub- 
stantially transverse dimensions sufficient to provide com- 
ponent strength and stiffness. 

24 Claims, 4 Drawing Sheets 
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REINFORCED PLASTIC EXTRUSION The inventive structural components have resulted from a 

development focus on the simultaneous extrusion of two or 

BACKGROUND OF THE INVENTION more components (both crosshead extrusion and 

coextrusion) to create reinforced thermoplastic structural 

The invention broadly relates to structural components 5 components having me md stiffncss necessary for 

and is specifically directed to extruded plastic components window mamaSaiL minimal expansion as a function of 

capable of use in the construction of window, doors and ^ tcmpcra!urc and humidity, which do not require initial 

other closures that are exposed to a wide variance in ^ 0f ^ ^ periodic and ^ less 

temperature, humidity and other outside conditions. expensive relative to existing components. 

External closure members such as windows and doors 10 fo a to embodiment ^ process of crosshead extrusion 

have traditionally been formed from wood components has been used {Q siraultaneously atmdc thermoplastic and 

because of the availability of wood as a natural resource and a of continuous filaments (eg., glass filaments) in a 

the relative ease of manufacture. However wood has a desircd mc ^ which thc midmuim fUamcot group is 

number of characteristics that do not lend themselves to stratcgically within the profile to obtain optimum 

window and door manufacture, including expansion/ 15 stren gth and stm^ness, as weU as to reduce the linear expan- 

conlractionasafun(tionofhumi<tity,theneedforrelatively sion inhereDt in therm opiastics. In the preferred 

high maintenance (e.g., initial and periodic painting or other embodiment, the continuous filaments are preformed within 

coating), wear and degradation if ongoing maintenance a mermoplastlc ma3siix t0 form a contimJ ou S tape, and the 

procedures are not followed, and inconsistencies in the tape is continuously suppUed to a crosshead extruder with a 

wood itself which results in linear as well as torsional 20 continuous flow of thermoplastic to form the component, 

warpage. In the second embodiment, a coextrusion process is used 

In recent years wood has become increasingly expensive t0 * least two strategically placed areas of high 

due to a decreasing supply, and attempts therefore have been modulus (e - ^ fibers of finite length) within a 

madetoutuueofo CT materialssu^ fKMt of mennoplastic ^th ^ areas separated (e.g./a 

Extruded aluminum has a number of positive 25 structural component taking the form of an I-beam) or t% 

characteristics, but it is nevertheless undesirable because it contiguous (e.g.i a structural component taking the form of V * 

is extremely high in thermal conductivity and hence a very a rectangular tube). 

poor insulator. Attempts have been made to join aluminum ^ ^ ^ ^ result is a structural component par- 

with a material having less thermal conductivity, and these UcuJarly ^ tQ me nmRufacUlIC of window doors and 

attempts have met with some degree of success in the other closures ^ is of considerable strength and 

marketplace. However, new energy standards have made stiffness< ^ not need t0 ^ painted or otherwise protec- 

aluminum windows less competitive. tivdy Kquires UttJe d any maintenance, will not 

Thermoplastics such as polyvinyl chloride (PVC) have dent, and which has a coefficient of linear expansion that is 

also been employed in the manufacture of windows. significantly reduced relative to wood, aluminum or ther- 

However, FVC lacks in overall strength and stiffness. At neoplastic alone, 
room temperatures, the stiffness of PVC is considerably 

lower than either wood or aluminum, and the stiffness BRIEF DESCRIPTION OF THE DRAWINGS 

degrades significantly with higher temperatures. Further, . 

PVC expands/contracts significantly as a function of tern- FIG. 1 is a cross sectional view of a structural component 

p erawrc 40 embodying the invention; 

However, because of their other favorable characteristics, ™ G - 1 is a Perspective view of the structural component 

mermbplastics havereceived developmental attention as of mG 1 Wlth potions thereof broken away; 

structural components in general in an effort to overcome the FIG. 3 is a schematic view of a crosshead die utilized in 

inherent material deficiencies. For example, steel stiffeners 45 the manufacture of the structural component of FIGS. 1 and 

have been added at strategic locations within cross sectional 2; 

profiles of thermoplastics structural components. However, FIG. 4 is a cross sectional view of an alternative embodi- 

neither approach has been used to any degree of commercial ment of a structural component embodying the invention; 

success due to a variety of factors, including complexity and nQ 5isa perspective view of the structural component 

expense of manufacture. ^ of HG 4 with portion thereof broken away; 

Attempts have also been made to employ thermoset $ ^ a schematic representation of a coextrusion die 

pultrusions as an alternative to wood and aluminum as utilized in the manufacture of the structural component of 

structural components. Thermoset pultrusions are advanta- pjQg ^ and 5. 

geous because they have relatively high strength and fI(3, 7 is a perspective view of a second alternative 

stiffness .a relatively low 'coefficient ^ of toermal e^ansion S5 embodiment of 7 £uctori compooeat embodying the 

and relatively low thermal conductivity. However, this tech- . 

i i L ■ r *• . , . . .. mvention; and 

nology also has a number of disadvantages, including very . 

slow run rates and resulting costs and thc difficulty to form ™- 8 ^a cross sectional view of the structural compo- 

complex parts. Further, tooling for thermoset pultrusions is ncnt °* ™** ' * 

very expensive and parts must be screwed or glued together, « nPSPRTPTTON of thf prfffhrfd 

Last, thermoset pultrusions are similar to wood in that they ^^^^mODlISjTC^^ 
need to be painted or otherwise coated for weatherability. 

Broadly speaking, a number of attempts have been made With initial reference to FIGS. 1-2. a structural compo- 

to develop structural components for windows, doors and nent embodying the invention is represented generally by 

other closures from materials other than wood, but each of 65 the numeral 11. In this embodiment, the structural corapo- 

these alternative components has disadvantages that prevent nent 11 is an elongated component of finite length that is 

it from being fully satisfactory in the marketplace. formed by crosshead extrusion as discussed in further detail 
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below. In this embodiment, structural component 11 is of 
rectangular cross section although the configuration of the 
particular cross section or its length is not critical to the 
invention. 

Structural component 11 comprises a first extruded por- s 
lion 12 which itself consists of a relatively thin tape formed 
from a group of fibers or filaments 13 (see FIG. 2), each of 
which is continuous over the length of structural component 

11. The filaments 13 are embedded in a thermoplastic matrix 
which holds. them in a predetermined alignment or configu- 1Q 
ration. The filaments are formed from a non-thermoplastic 
material having a predetermined suitable tensile strength. 
One of the preferred forms is glass^filaments, but the 
filaments may also be formed from or filled with carbon, 
kevlar. stainless steel or other suitable stranded material 
^aving comparable tensile strength. . 13 

The first extruded portion or tape 12 is commercially 
available and may be formed from the methods and pro- 
cesses disclosed in U.S. Pat. Nos. 3.993 J26. 4,883.625 or 
5.176.775. As such, the continuous tape 12 does not form a ^ 
pan of this invention. However, it is essential in structural 
component 11 that the fibers 13 be continuous over the 
length of structural component 11. that they be aligned or 
configured in a group to have a cooperative effect and that 
the tape 12 be strategically positioned within the cross 25 
section or profile of structural component 11 to accomplish 
a particular objective. In structural component 11, tape 12 is 
sized relative to the overall profile of a component, and it is 
centered within this rectangular profile to provide optimum 
strength and stiffness. ^ 

Structural component 11 further comprises a second 
extruded portion 14 in the form of thermoplastic. In the 
preferred embodiment, the thermoplastic extrusion 14 is 
polyvinyl chloride, which is easily extruded and fully encap- 
sulates the continuous faces and edges of tape 12. Trie 35 
extreme end of tape 12 may also be encapsulated, but this is 
not essential to the invention because the continuously 
extruded component is preferably cut into desired finite 
lengths. The cutting mechanism is not shown and does not 
constitute a part of this invention. ^ 

The first and second extruded portions 12, 14 together 
define the preferred cross sectional configuration or profile 
of component 11, which in this particular embodiment is 
rectangular. It is reiterated that the first extruded portion or 
tape 12 consisting of the continuous longitudinal filaments 45 
13 be disposed within the overall cross sectional configu- 
ration to best accomplish the strength characteristic desired 
in the structural component 11. 

FIG. 3 is schematic representation of a crosshead die 15 
utilized in the extrusion of first and second extruded portions 50 

12, 14. Crosshead die 15 includes a centrally disposed 
mandrel 16 which receives a continuous length of tape 12 
from a supply spool not shown. The mandrel portion 16 of 
crosshead die 15 corresponds in shape to the cross section of 
tape 12. and it is disposed within crosshead die 15 to position 55 
tape 12 properly within structural component 11. 

Crosshead die 15 further comprises a die body 17 having 
an internal passage 18 in which mandrel 16 is disposed An 
internal surface of die body 17 and an external surface of 
mandrel 16 together define a flow channel 19 which receives 60 
a continuous flow of melted thermoplastic material, and 
which merges with the output of tape 12 from mandrel 16. 
A die outlet 21 is of rectangular configuration and defines the 
profile of structural component 11. The extruded portions 
12. 14 leave die outlet 21 in the desired rectangular con- 65 
figuration with tape member 12 disposed in the desired 
position within the profile. 
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A thermoplastic such as polyvinyl chloride has a number 
of advantageous characteristics as a material, but lacks the 
overall strength, stiffness and linear stability needed for 
large structural components. The crosshead extrusion of the 
continuous filament tape 12 provides significantly increased 
strength and stiffness to the component 11, and since the 
glass fibers 13 themselves are not subject to more than 
negligible linear expansion as a function of temperature and 
humidity, the grouped configuration acts to stabilize the 
polyvinyl chloride of second extrusion member 14; i.e., 
structural component 11 does not itself linearly expand or 
contract to any significant extent with increasing and 
decreasing temperature and humidity. 

These functions and advantages are also accomplished in 
the embodiment of FIGS. 4 and 5. In these figures, a 
structural component 31 comprises first and second extruded 
portions 32, 33. each of which comprises an extrusion of 
reinforcing high modulus material. In this embodiment, the 
preferred high modulus material consists of discrete (non- 
continuous) glass fibers of at least one quarter inch in length. 
Preferably, the fibers are about one-half inch in length, but 
they may also be one inch or longer. For extrusion purposes, 
such high modulus material is commercially available in 
pellet form, in which the discrete filaments are embedded in 
a thermoplastic matrix such as polyvinyl chloride (PVQ, 
which can be heated to the point of being extrudable. 

The first and second extruded portions 32. 33 are disposed 
remotely from each other in the embodiment of FIGS. 4 and 
5 to accomplish maximum strength, stiffness and lineal 
stability. 

Structural component 31 comprises a third extruded por- 
tion 34 that is coextruded with extruded portions 32, 33 in 
an encapsulating manner. Extruded portion 34 is formed 
from a suitable thermoplastic such as polyvinyl chloride, 
polypropylene or polyethylene. Extrusion 34 defines the 
cross section or profile of structural component 31, which in 
this embodiment is an I-beam comprising substantially 
parallel flanges 34a, Mb interconnected by a connecting 
portion or web 34<\ In this embodiment, the third extruded 
portion 34 constitutes the entirety of web 34c. but it will be 
appreciated that an additional extrusion of high modulus 
material could be included to interconnect the first and 
second extruded portions 32. 33. 

FIG. 6 is a schematic representation of a conventional 
coextrusion die 35. Coextrusion die 35 comprises a die body 
36 defining a first extrusion channel 37 that receives a 
continuous flow of a first extrudable material. Channel 37 
subdivides into channels 37a, 31b to define the extruded 
core portions 32, 33 of component 31. Die body 36 defines 
a second channel 38 that receives a continuous flow of a 
second extrudable material Die 35 is mounted to an extruder 
39 that is in direct communication with extrusion channel 
37. The first extrudable material in channels 37a. 37b is 
extruded forward until it merges with the second extrudable 
material within channel 38. which encapsulates the first 
material. The coextruded material leaves the die outlet 40 in 
the die configuration, which in this case results in the 
coextruded I-beam 31. 

The remote positioning of the first and second extrusions 
32, 33 within the flanges 31a, 31i> provide considerable 
strength, stiffness and lineal stability to structural compo- 
nent 31 which would not otherwise exist As such, and for 
the reasons discussed above, the resulting structural com- 
ponent has particular application to the manufacture of 
windows and other externally exposed closures. 

While the structural component 31 having remotely dis- 
posed extrudable portions of high modulus material is 
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formed in a coextrusion die in FIG. <»« it would be possible 
to form these first and second extrudabie portions from 
continuous glass filaments as in the first embodiment, in 
which case the structural component 31 would be formed in 
a crosshead die as shown in FIG. 3. 

FIGS. 7 and 8 represent a third alternative embodiment 
that can be formed by crosshead extrusion or coextrusion. 
depending on the specific type of material employed as the 
high modulus stiffener. This structural component, which 
bears reference numeral 41* takes the form of a hollow, 
square tube. 

Specifically, the square structural component 41 is lami- 
nate in nature, comprising a middle layer 42 sandwiched 
between inner layers 43 and 44. Middle layer 42 comprises 
four legs 42a-d of an equivalent length that are joined at the 
corner or juncture between legs. Whether formed by cross- 
head extrusion or coextrusion. the middle layer 42 com- 
prises a single, continuous layer when viewed in cross 
section. However, it will be appreciated that the leg pairs 
42a. 42c and 422>. 42a* are remotely disposed in the same 
manner as the I-beam configuration of FIGS. 4 and 5. thus 
providing considerable inherent stiffness to component 41. 
This stiffness is enhanced by the fact that each of the leg 
pairs 42a. 42c and 426. 42d is interconnected by the other 
leg pair. 

From the standpoint of component analysis, each pair of 
adjacent legs (e.g.. legs 42a. 42b) also provides inherent 
stiffness in the form of an angle beam. The invention is 
therefore not limited to the remotely disposed high modulus 
stiffening areas 32. 33 of the I-beam configuration of FIGS. 
4 and 5, but rather also encompasses different areas of high 
modulus stiffeners that are joined and relatively angularly 
disposed (e.g.. the legs 42a. 42b). 

Whether the structural component includes areas of high 
modulus stiffeners that are remotely disposed (the embodi- 
ment of FIGS. 4-5) or joined at an angle (the embodiment 
of FIGS. 7-8). the simultaneous extrusion of two such areas 
provides stiffness and stability to the structural component 
that enables it to be used in structures such as windows and 
doors. Further, the encapsulating layer of unfilled material 
(i.e.. the outer layer of each of the three embodiments which 
does not include fibers or filaments) provides an external 
surface that is particularly suited to the manufacture of 
external closures such as windows and doors because it does 
not require initial painting or other coating or maintenance 
to any degree. As a replacement for wood or aluminum, the 
inventive structural components provide all of the attributes 
of such materials but without the disadvantages. 

What is claimed is: 

1. An elongated structural component of finite length 
comprising: 

a first extrusion comprising a plurality of strengthening 
fibers formed into a group of predetermined configu- 
ration and joined in a first thermoplastic matrix, said 
group of fibers being continuous over the length of the 
structural component; 

a second extrusion comprising a second thermoplastic 
matrix compatible with said first thermoplastic matrix, 
the first extrusion being centrally disposed within the 
second extrusion and encapsulated thereby; 

a third extrusion comprising a plurality of strengthening 
fibers formed into a group of predetermined configu- 
ration and joined in a third thermoplastic matrix, said 
group of fibers being continuous over the length of the 
structural component; 

said first, second and third extrusions together defining a 
predetermined non-planar cross sectional configuration 
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of substantial transverse dimensions sufficient to pro- 
vide component strength and stiffness, and said first and 
third extrusions being disposed within said cross sec- 
tional configuration to accomplish a particular strength 
characteristic of said structural component. 

2. The structural component defined by claim 1. wherein 
said first and third extrusions are remotely disposed within 
the cross section of the component. 

3. The structural component defined by claim 1. wherein 
said first and third extrusions comprise leg portions inter- 
connected at one end and being relatively angularly dis- 
posed. 

4. An elongated structural component of finite length 
formed by coextrusion. comprising: 

a first extrusion comprising a plurality of strengthening 
fibers formed into a group of predetermined configu- 
ration; 

a second extrusion comprising a plurality of strengthening 
fibers formed into a group of predetermined configu- 
ration; and 

a third extrusion comprising a thermoplastic matrix that 
encapsulates said first and second extrusions; 

said first second and third extrusions together defining a 
non-planar cross sectional configuration of substan- 
tially transverse dimensions sufficient to provide com- 
ponent strength and stiffness, with said first and second 
groups of fibers being disposed within said cross sec- 
tional configuration in relative positions to accomplish 
a particular strength characteristic of said structural 
component. 

5. The structural component defined by claim 4. wherein 
the strengthening fibers of each of said first and second 
extrusions are non-continuous. 

6. The structural component defined by claim 4. wherein 
said non-continuous fibers are at least about one-quarter inch 
in length. 

7. The structural component defined by claim 6. wherein 
said continuous fibers are about one-half inch in length. 

8. The structural component defined by claim 4. wherein 
non-continuous fibers comprise a non-thermoplastic mate- 
rial of predetermined tensile strength. 

9. The structural component defined by claim 8. wherein 
said non-continuous fibers comprise glass filaments. 

10. The structural component defined by claim 4. wherein 
the first and second extrusions are remotely disposed within 
the cross section of the component 

11. The structural component defined by claim 10. the 
cross section of which takes the form of an I-beam com- 
prising substantially parallel first and second flange portions 
interconnected by a connecting portion, the first and second 
extrusions being respectively encapsulated within said first 
and second flange portions. 

12. The structural component defined by claim 4, wherein 
the cross section of each of said first and second extrusions 
comprises an elongated leg encapsulated within the associ- 
ated flange portion. 

13. The structural component defined by claim 4. wherein 
said first and second extrusions comprise leg portions inter- 
connected at one end and being relatively angularly 
disposed, said leg portions being encapsulated by the third 
extrusion. 

14. The structural component defined by claim 4. wherein 
said third extrusion comprises polyvinyl chloride. 

15. The structural component defined by claim 4. wherein 
said third extrusion comprises polypropylene. 

16. The structural component defined by claim 4. wherein 
said third extrusion comprises polyethylene. 
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17. An elongated structural component of finite length 
formed by extrusion, comprising: 

a first extruded portion comprising a plurality of segments 
of strengthening fibers, each segment being formed into 
a group of fibers of predetermined configuration and 
joined in a thermoplastic matrix; 

a second extruded portion comprising a thermoplastic 
matrix compatible with the thermoplastic matrix of the 
first extruded portion; 

said first and second extruded portions together defining 
a predetermined non-planar cross sectional configura- 
tion of substantial transverse dimensions sufficient to 
provide component strength and stiffness, with said 
segments of strengthening fibers disposed within said 
cross sectional configuration to accomplish a particular 
strength characteristic of said structural component. 

18. The structural component defined by claim 17. 
wherein said first extruded portion comprises two segments 
of strengthening fibers, said segments being remotely dis- 
posed within said cross sectional configuration. 

19. The structural component defined by claim 18. 
wherein each of said two segments of strengthening fibers 
comprises a separate extrusion. 
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20. The structural component defined by claim 17. 
wherein said first extruded portion comprises a single extru- 
sion of four segments of strengthening fibers, the four 
segments being interconnected to define a substantially 

3 rectangular tube. 

21. The structural component defined by claim 20. 
wherein the second extruded portion encapsulates the outer 
surface of said rectangular tube, and which further com- 

10 prises a third extruded portion comprising a thermoplastic 
matrix compatible with the other thermoplastic matrices and 
encapsulating the inner surface of said rectangular tube. 

22. The structural component defined by claim 17. 
wherein each of said segments comprises a pre -formed tape 

13 having opposed faces and edges. 

23. The structural component defined by claim 17. 
wherein said strengthening fibers are continuous over the 
length of said structural component. 

M 24. The structural component defined by claim 17, 
wherein said strengthening fibers are at least about a quarter 
inch in length. 

* * * * * 



03/12/2002, EAST Version: 1.02.0008 



